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 The exact causes for the precipitation patterns in the Central U.S. Plains, especially the 
springtime rainfall maximum and the following summertime drought, is not fully understood. 
Previous studies have been completed to investigate the subject, but their focus has been on the 
Great Plains Low Level Jet. Other studies have been completed to research how large-scale 
circulations affect weather patterns. However, none have attempted to make the connection 
directly between large-scale circulations and precipitation patterns specifically for the Central 
U.S. Plains. In this study, monthly average values from the year 2010 relating to moisture, wind, 
and water vapor transport are examined to see if there is a connection to large-scale circulation 
patterns. The final results of this study show that while the Low-Level Jet is a major influence on 
moisture and precipitation in the Central U.S. Plains during this springtime rainfall maximum, a 
combination of certain upper-level patterns, water vapor transport, and the Low-Level Jet explain 
the complex relationship that results in a maintenance of the springtime rainfall maximum (and 





CHAPTER 1. INTRODUCTION 
 During the warm season, the U.S. Central Great Plains experiences its rainfall maximum, 
primarily during the spring, followed by a summer drought. This fact is commonly known and 
accepted, but there is still a lack of understanding on what causes this and why it occurs when 
and where it does. There have been previous studies related to this topic, but most keep the 
geographic scale to within the U.S. when searching for answers. In this study, large-scale 
atmospheric circulations will be the subject of interest for attempting to explain the warm season 
rainfall maximum followed by a drought that occurs in the Central Great Plains. 
 Previous studies that have investigated the causes of precipitation levels within the 
Central Great Plains have often discussed the influence of the Great Plains Low-Level Jet 
(GPLLJ). The GPLLJ is an important element of the low-level atmospheric circulation that both 
transports water vapor from the Gulf of Mexico and aids in the development of storms over the 
Great Plains. Some of these particular studies include Chen and Kpaeyeh (1993), Cook et al. 
(2008), Higgins et al. (2008), Weaver and Nigam (2008), Wang and Chen (2009), Strong and 
Liptak (2012), Pu and Dickinson (2014), and Harding and Synder (2015). While although the 
GPLLJ does indeed influence precipitation in the Central Great Plains, it is potentially not the 
only atmospheric phenomena at play.  
 During the 1950s was when the first studies came out discussing the topic of the 
transportation of water due to large-scale circulations. The first two notable studies were Benton 
and Estoque (1954) and Starr and White (1955). Following this, a series of subsequent studies 
focusing on the transportation of water at the global and hemispheric scales were completed, 





(1980), Peixoto and Oort (1983), and Chen (1985). From these studies, it was learned that water 
vapor is concentrated in the tropics and decreases toward higher latitudes, and that larger scale 
circulations, such as the lower branch of the Hadley circulation, transports moisture from the 
subtropics to tropics. 
 The only instances found of investigating specifically the relationship between 
precipitation patterns in the Central Great Plains at large-scale atmospheric circulations were in 
two academic posters, both Chen et al. (unknown years). In one of these posters, it was observed 
that there was a rainfall center around Iowa, and that there was a drastic decrease in rainfall from 
June to July. 
 
Figure 1. a) Map of rainfall center in Central Great Plains during May, June, July, and August. b) 
A bar graph of monthly total precipitation 
 
To study the potential cause of the drastic rainfall from June to July, Chen et al. plotted the 
change in winds and precipitation to see if there was connection to large-scale atmospheric 
circulation. The conclusions they made were that the July-June circulation change across North 
America develops a favorable environment for drastic rainfall decrease and the development of  
the Central Plains drought, and that the drought anomalous circulation over North America can 






Figure 2. Map of July – June total values of ΔV at 200 hpa (streamlines) and ΔP (shaded)  
 
 In this study, similar concepts are going to applied to study the specific year of 2010 and 
the precipitation patterns that occur. 
 
1.1 Rainfall Maximum in Iowa 
 
 
 The state of Iowa experiences a rainfall maximum during the springtime. In the year 
2010, the month with the highest rainfall was June. This is demonstrated in the figure below 
from the Midwestern Regional Climate Center. 
 





To visualize this, the figures below are maps of observational precipitation data for the months of 
June and July provided by the High Plains Regional Climate Center. 
 
Figure 4. Map of observed station data for precipitation in inches for the state of Iowa during 
June 2010 provided by the High Plains Regional Climate Center. 
 
 
Figure 5. Map of observed station data for precipitation in inches for the state of Iowa during 








 The data in this study was provided by the Global Forecast System Analysis model, or 
GFS-ANL. This model is produced by the National Centers for Environmental Prediction 
(NCEP) and is a coupled model composed of four separate models (at atmosphere model, an 
ocean model, a land/soil model, and a sea ice model). This model has a 0.5° grid increment with 
259,920 points, covering a Lat/Lon grid of 720x361. Data is provided for every 6 hours starting 
at 00 UTC. For this study, 6 hourly data were gathered for the entire year of 2010. 
 
2.2 Analysis Techniques 
 
 
 To apply the same concepts as Chen at al.’s poster, precipitation and wind-related 
variables were the focus. From the GFS-ANL data, the individual variables were separated from 
the original large files. After the individual variables were separated, monthly averages were 
computed using primarily GrADS for each grid point. Monthly averages were compared to one 
another as well as subtracted to see the differences between months. 
 To encapsulate the other atmospheric effects at play in relation to precipitation in Iowa, 
wind at a lower atmospheric level of 850 hPa was also studied. Winds at this level would show if 
the Great Plains Low Level Jet was present and potentially impactful.   
 
2.3 Water Vapor Flux Transport Derivation 
 
 
Analysis of water vapor flux variability through application of streamfunction and 




and Chen (1985). Although, recent studies have also employed this technique and have 
demonstrated its continuing usefulness to the atmospheric and climate research community 
(e.g. Zhang et al. 2013; Ryu et al. 2015).  
An advantage of this method is that vertically integrated moisture fluxes should reflect 
the low-level wind fairly well, as the majority of atmospheric moisture resides in the lower 
levels of the atmosphere. Both the streamfunction and potential function describe the 
movement of water vapor through its rotational and divergent components. The convergence of 
water vapor flux into an area is useful in predicting where precipitation development will be 
supported in the future.  
Following the method described in Chen (1985), water vapor transport can be diagnosed 
on a global scale by vertically integrating water vapor flux in a column,  
 
where 𝑄𝜆 is the zonal water vapor transport, 𝑄𝜙 the meridional water vapor transport, 𝑔 the 
acceleration due to gravity, 𝑞 the specific humidity, 𝑢 the zonal component of wind, and 𝑣 the 
meridional component of wind. For this study, values of u,v, and 𝑞 were supplied by the GFS-
ANL model dataset.  
The total water vapor transport, 𝑄  , can be divided into its rotational and divergent  




where 𝜓𝑄 is the streamfunction of water vapor transport, and 𝜒𝑄 the potential function of water 
vapor transport. Therefore, the divergent component of vertically integrated water vapor 
transport is equivalent to the gradient of water vapor transport potential function. This leads to 
the following relationship,   
 
so that we may solve the Poisson equation for 𝜒𝑄 using our derived values of 𝑄𝜆 and 𝑄𝜙. We may 
then numerically differentiate the potential function of water vapor transport,   
 














CHAPTER 3. RESULTS AND DISCUSSION 
3.1 Large-Scale Circulation Results 
 
 
The results for the monthly averages and how they relate to large-scale circulations are 
discussed in this section. Plots below are of monthly average surface total precipitation and the 
monthly average wind at 200 hpa. The immediate results below are grouped together by season. 
 
Figure 6. Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 200 hpa 











Figure 7. Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 200 hpa 
(streamlines) for the month of February 
 
 
Figure 8. Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 200 hpa 






During the month of January, the average wind streamlines show flow for the Central 
Great Plains was firstly out of the north west. After reaching west of North America, the 
streamlines straighten out to mostly easterly flow originating in central Asia. The air gains 
moisture as it travels east but then dries and cools after hitting land and crossing over the 
mountains in western Canada. There was not much precipitation during this month, so the drier 
conditions in the Plains make sense. 
 In February, the figure shows a similar set up in the streamlines to January but with a bit 
more northern tilt before reaching the Plains. This month was also another dry month so the 
lower precipitation levels match. 
 For March, the wind streamlines have less of a northern tilt. The moisture appears to flow 
from Asia and across the Pacific Ocean. There was more precipitation in the Plains this month 
compared to the two previous months, so perhaps there is still moisture left over from moving 
across the Pacific Ocean and over the Cascade and Rocky Mountains to reach the Plains. 
 
Figure 9. Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 200 hpa 




Figure 10. Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 200 hpa 
(streamlines) for the month of May 
 
Figure 11. Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 200 hpa 






The month of April is similar to March but with a touch more southernly tilt to the 
streamlines. Even though the precipitation levels are about the same as March, temperature is 
increasing, so the air can hold more moisture.  
As we move into May and June, the streamlines leading into the Plains continue to have a 
more southernly tilt. Precipitation levels have gone up; however, the upper level streamlines are 
indicating this moisture is coming from somewhere other than the Pacific Ocean.  
Also, particularly in June, the streamlines to the southeast of the Plains begin to turn in a 
somewhat-clockwise (anti-cyclonic) motion. This could be the influence of the Bermuda High, a 
semipermanent high-pressure system that develops in the warmer months, especially at lower 
levels, over the Bermuda region. 
 
 
Figure 12. Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 200 hpa 







Figure 13. Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 200 hpa 
(streamlines) for the month of August 
 
Figure 14. Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 200 hpa 




 During the months of July, August, and September, some of the upper-level streamlines 
reaching the Plains come from the western US and Pacific Ocean. However, these particular 
lines do not appear to be carrying moisture with them indicating again that the moisture in the 
Plains is originating from somewhere else. 
 Over these months, we also see the anticyclonic flow that was starting to show in June to 
the south and south east of the Plains become more prominent and defined. The central origin of 
this anticyclonic flow does not match up to the Bermuda region exactly, but knowing that winds  
tend to tilt with height can help support the idea that this flow is due to the Bermuda High.  
 
Figure 15. Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 200 hpa 









Figure 16. Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 200 hpa 
(streamlines) for the month of November 
 
Figure 17. Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 200 hpa 




 In October, the anti-cyclonic flow from before has mostly dissipated by this point, which 
follows the pattern of the semi-permanent Bermuda High dissipating as well. Along with that, 
precipitation levels have also dropped.  The streamlines going into the Plains go back to a more 
zonal flow pattern. 
 As we move into November and December, the zonal flow of the streamlines into the 
Plains becomes more prominent and also switch to a more northernly tilt before reaching the 
Plains.  There is not much precipitation in the Plains at this time, according to the figures above, 
and there does not appear to be moisture flowing from the Pacific Ocean to the Plains. 
  
3.1.2 July - June Results 
 
 
 To compare to the results of Dr. Chen et al.’s poster applying similar concepts, the  
 






Figure 18. Map of July – June total values of ΔV at 200 hpa (streamlines) and ΔP (shaded) 















Figure 19. Map of July – June monthly averages of ΔV at 200 hpa (streamlines) and ΔSurface 
Total Precipitation (kgm-2) (shaded) 
 
 
 There appears to be similarities between the results from Chen et al. and the results for 
this study. The wind streamlines flow in the same general direction and have the same general 
patterns. The precipitation patterns match somewhat, but there are certainly differences. The 
results from Chen et al. show drier conditions in the Plains while this study does not. This makes 
sense, however, since the precipitation drop from June to July was not as drastic as the difference 
from Chen et al.  
To summarize the results of the upper-level large-scale circulation patterns and their 
potential connections to precipitation in the Plains, there does not appear to be much correlation. 
Perhaps more connections would be apparent if an average was taken across a number of years, 
but in this study focusing on 2010, the connections are not easily visible. There is a pattern of 
anti-cyclonic flow that appears in the warmer months, but this could be driven by the formation 




that the moisture and precipitation occurring in the Plains for the springtime maximum originate 
from somewhere other than Pacific Ocean and along upper-level streamlines of wind. The next 
section of this study will focus on lower levels in the atmosphere. 
 
3.2 Low Level Results 
 
 
The results for the monthly averages and how they relate to lower-level circulations, 
specifically the Low-Level Jet, are discussed in this section. Plots below are of the monthly 
average surface total precipitation and the monthly average wind at 850 hpa.  
 
Figures 20.  Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 850 hpa 
(streamlines) for the month of April 
 
 
Figures 21. Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 850 hpa 




Figures 22. Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 850 hpa 
(streamlines) for the month of June  
 
Figures 23. Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 850 hpa 
(streamlines) for the month of July  
 
Figures 24. Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 850 hpa 




Figures 25. Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 850 hpa 
(streamlines) for the month of September  
 
The figures above show the Bermuda High forming in the month of April and continuing 
throughout the warm months. The location of this high results in an anti-cyclonic flow pattern 
that shows wind moving from the Bermuda region, to the Gulf of Mexico, and up into the Plains. 
This route has the potential to bring plentiful amounts of moisture and precipitation to the Plains, 
and specifically, our region of interest for this study. This pathway of moisture is more 
commonly referred to as the Low-Level Jet. The results above also show that this pattern, driven 
by the clockwise anticyclonic flow around the Bermuda High, begins to dissipate in August and 





(a)                                                                          (b) 
 
Figure 26. For April 2010: (a) Monthly averages of potential function of water vapor transport 
(kgs-1) (contours) and divergent water vapor transport (kgs-1m-1) (vectors); (b) Streamfunction of 





(a)                                                                                  (b) 
 
Figure 27. For May 2010: (a) Monthly averages of potential function of water vapor transport 
(kgs-1) (contours) and divergent water vapor transport (kgs-1m-1) (vectors); (b) Streamfunction of 







(a)                                                                          (b) 
 
Figure 28. For June 2010: (a) Monthly averages of potential function of water vapor transport 
(kgs-1) (contours) and divergent water vapor transport (kgs-1m-1) (vectors); (b) Streamfunction of 





(a)                                                                                  (b) 
 
Figure 29. For July 2010: (a) Monthly averages of potential function of water vapor transport 
(kgs-1) (contours) and divergent water vapor transport (kgs-1m-1) (vectors); (b) Streamfunction of 







(a)                                                                                  (b) 
 
Figure 30. For August 2010: (a) Monthly averages of potential function of water vapor transport 
(kgs-1) (contours) and divergent water vapor transport (kgs-1m-1) (vectors); (b) Streamfunction of 





(a)                                                                                  (b) 
 
Figure 31. For September 2010: (a) Monthly averages of potential function of water vapor 
transport (kgs-1) (contours) and divergent water vapor transport (kgs-1m-1) (vectors); (b) 
Streamfunction of water vapor transport (kgs-1) (contours); (a-b) Monthly average surface total 




During the later spring months into the summer, we can see from the results above that 
there is stronger water vapor transport in the Plains region that originates from the Gulf of 




and the Low-Level Jet, mentioned previously. The stronger water vapor transport originating 
from the Gulf matches the pattern of higher precipitation levels seen during this time of year. As 
the Bermuda High dissipates, along with the anti-cyclonic flow in this region and the Low-Level 
Jet, we return to a more upper-level cyclonic flow and lower precipitation levels in the Plains.  
  
3.3 Combining Upper-Level and Lower-Level Results 
 
 
In earlier sections of this study, the focus was on only large-scale upper-level circulations 
or on only low-level circulations. In this section, both will be previewed at the same time to see 
if there are connections to be made. This is driven by the results found in a previous study by 
Chen and Kpaeyeh in 1992 that found in conjunction with the Low-Level Jet and water vapor  
transport from the Gulf of Mexico, a developing baroclinic short wave east of the Rocky 
Mountains can be a triggering mechanism of the Low-Level Jet formation. 
 
 
Figures 32. Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 200 hpa 







Figures 33. Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 850 hpa 




Figures 34. Monthly averages of streamfunction of water vapor transport (kgs-1) (contours), and 




Figures 35. Monthly averages of potential function of water vapor transport (kgs-1) (contours), 
divergent water vapor transport (kgs-1m-1) (vectors), and surface total precipitation (kgm-2) 







Figures 36. Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 200 hpa 
(streamlines) for the month of May 
 
Figures 37. Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 850 hpa 
(streamlines) for the month of May 
 
Figures 38. Monthly averages of streamfunction of water vapor transport (kgs-1) (contours), and 






Figures 39. Monthly averages of potential function of water vapor transport (kgs-1) (contours), 
divergent water vapor transport (kgs-1m-1) (vectors), and surface total precipitation (kgm-2) 
(shaded) for the month of May in 2010 
 
Figures 40. Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 200 hpa 
(streamlines) for the month of June 
 
Figures 41. Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 850 hpa 






Figures 42. Monthly averages of streamfunction of water vapor transport (kgs-1) (contours), and 
surface total precipitation (kgm-2) (shaded) for the month of June in 2010 
 
Figures 43. Monthly averages of potential function of water vapor transport (kgs-1) (contours), 
divergent water vapor transport (kgs-1m-1) (vectors), and surface total precipitation (kgm-2) 
(shaded) for the month of June in 2010 
 
 
Figures 44. Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 200 hpa 





Figures 45. Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 850 hpa 
(streamlines) for the month of July 
 
Figures 46. Monthly averages of streamfunction of water vapor transport (kgs-1) (contours), and 
surface total precipitation (kgm-2) (shaded) for the month of July in 2010 
 
Figures 47. Monthly averages of potential function of water vapor transport (kgs-1) (contours), 
divergent water vapor transport (kgs-1m-1) (vectors), and surface total precipitation (kgm-2) 






Figures 48. Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 200 hpa 




Figures 49. Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 850 hpa 
(streamlines) for the month of August 
 
 
Figures 50. Monthly averages of streamfunction of water vapor transport (kgs-1) (contours), and 





Figures 51. Monthly averages of potential function of water vapor transport (kgs-1) (contours), 
divergent water vapor transport (kgs-1m-1) (vectors), and surface total precipitation (kgm-2) 




Figures 52. Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 200 hpa 




Figures 53. Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 850 hpa 





Figures 54. Monthly averages of streamfunction of water vapor transport (kgs-1) (contours), and 
surface total precipitation (kgm-2) (shaded) for the month of September in 2010 
 
Figures 55. Monthly averages of potential function of water vapor transport (kgs-1) (contours), 
divergent water vapor transport (kgs-1m-1) (vectors), and surface total precipitation (kgm-2) 
(shaded) for the month of September in 2010 
 
From the results above, we can see a baroclinic wave structure develop east of the Rocky 
Mountains during the spring-time that extends from the upper-level (200 hpa) down to the lower-
level (850 hpa) and then dissipate further into the summer. It also appears the trough ahead of 
this wave tilts to the west with height. According to baroclinic wave theory (Holton 1979), the 
trough line of a developing baroclinic wave tilts vertically westward. It is also predicted by 
baroclinic wave theory that during the developing stage, an upper-level divergent center east of 





vapor transport plots during the spring also shows this wave. The potential function of water 
vapor transport plots during the spring show that the coupling of the upper-level divergent center 
and low-level convergent center is located ahead of the upper-level trough as, again, predicted by 
the baroclinic wave theory. Overall, this seems to indicate that the Low-Level Jet is formed 
during the developing stage of a short baroclinic wave over the lee side of the Rocky Mountains. 
Further, the developments of a short baroclinic wave east of the Rocky Mountains may lend 
itself to being a triggering mechanism of Low-Level Jet formation agreeing with the results of 
the 1992 study by Chen and Kpaeyeh. 
 
Figure 56. Map of June-July monthly averages of ∆V at 850 hpa (streamlines) and ∆Surface 





Figure 57. Map of June-July ∆potential function of water vapor transport (kgs-1) (contours), 




Figure 58. Map of June-July ∆streamfunction of water vapor transport (kgs-1) (contours) and 





To emphasize and support the rainfall maximum that occurs during the springtime in the 
Central Great Plains, as compared to the summer, maps were created showing the differences of 
June and July with the same variables as previously examined. For reference, anything with a 
positive value would indicate higher values for the month of June over July. 
These maps show a springtime cyclonic center of the water vapor flux in our area of 
interest, and, as discussed in the previous section, this cyclonic center would be positively 
influenced by the Low-Level Jet. The general relationship that the Low-Level Jet and water 
vapor transport influence one another is supported by these three figures, but these figures also 
demonstrate water vapor transport being positively influenced by the Low-Level Jet during the 
springtime, more so compared to the summer, which helps explain both the maintenance of the  
springtime rainfall maximum and the following summertime dryness in the Central Great Plains, 















CHAPTER 4. CONCLUSIONS 
 It is commonly known and agreed upon that the Central U.S. Plains experiences a rainfall 
maximum during the spring. However, the reasons that cause this rainfall maximum to occur are 
still not fully understood. Most studies in the past have focused on the Great Plains Low Level 
Jet. While those studies agree that the GPLLJ affects precipitation in the Plains, it was unclear if 
that was the only factor at play. Previous studies have looked into how large-scale atmospheric 
circulations affect weather patterns, but no studies have been produced that look for a connection 
between the rainfall maximum in the Plains and large-scale circulations.  
 From this study, the role that appeared to play a large part to the rainfall patterns in the 
Plains was the Low-Level Jet, aided by the Bermuda High and consequent anticyclonic flow 
moving air from the Gulf of Mexico to the Plains, transporting moisture during the spring 
months, especially during the month of June. For this case of 2010, the Low-Level Jet appears as 
early as April and is then cut off by upper-atmosphere cyclonic flow starting in July. Since the 
Low-Level Jet is most prominent during the month of June and the Plains experienced its highest 
precipitation in June, it is more conclusive to state the Low-Level Jet influences this precipitation 
maximum instead of upper-atmosphere circulation patterns. As the Bermuda high diminishes, so 
does the Low-Level jet and consequent moisture brought to the Plains resulting in lower 
precipitation levels. 
 As for upper-level circulation, it appears a baroclinic wave that developed east of the 
Rocky Mountains during the spring potentially served as a triggering mechanism for the Low-
Level Jet. The results above did not support upper-level circulation patterns bringing moisture to 





upper-level circulation aiding to the Low-Level Jet. Considering the Low-Level Jet has a large 
influence in precipitation in the Plains during this time of year, understanding that upper-level 
patterns influence the forming and development of the Low-Level Jet is an important connection 
to be made.  
Lastly, after exploring the connections more deeply between the Low-Level Jet and water 
vapor transport, the results first helped demonstrate that there is a rainfall maximum during the 
springtime over the summer. Furthermore, a cyclonic center of water vapor transport apparent 
during spring was shown. This cyclonic center is enhanced by the Low-Level Jet, demonstrating 
that these two atmospheric phenomena are prominent drivers in maintaining the springtime 
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APPENDIX. SUPPLEMENTARY PLOTS 
 
A.1. Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 850 hpa 
(streamlines) for the month of January 
 
A.2. Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 850 hpa 







A.3. Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 850 hpa 
(streamlines) for the month of March  
 
A.4. Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 850 hpa 







A.5. Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 850 hpa 
(streamlines) for the month of November 
 
A.6. Monthly averages of surface total precipitation (kgm-2) (shaded) and wind at 850 hpa 








(a)                                                                                 (b) 
 
A.7. For January 2010: (a) Monthly averages of potential function of water vapor transport (kgs-1) 
(contours) and divergent water vapor transport (kgs-1m-1) (vectors); (b) Streamfunction of water 




(a)                                                                                  (b) 
 
A.8. For February 2010: (a) Monthly averages of potential function of water vapor transport  
(kgs-1) (contours) and divergent water vapor transport (kgs-1m-1) (vectors); (b) Streamfunction of 














(a)                                                                                 (b) 
 
A.9. For March 2010: (a) Monthly averages of potential function of water vapor transport (kgs-1) 
(contours) and divergent water vapor transport (kgs-1m-1) (vectors); (b) Streamfunction of water 




(a)                                                                                 (b) 
 
A.10. For October 2010: (a) Monthly averages of potential function of water vapor transport  
(kgs-1) (contours) and divergent water vapor transport (kgs-1m-1) (vectors); (b) Streamfunction of 















(a)                                                                                 (b) 
 
A.11. For November 2010: (a) Monthly averages of potential function of water vapor transport 
(kgs-1) (contours) and divergent water vapor transport (kgs-1m-1) (vectors); (b) Streamfunction of 





(a)                                                                                  (b) 
 
A.12. For December 2010: (a) Monthly averages of potential function of water vapor transport 
(kgs-1) (contours) and divergent water vapor transport (kgs-1m-1) (vectors); (b) Streamfunction of 
water vapor transport (kgs-1) (contours); (a-b) Monthly average surface total precipitation (kgm-2) 
(shaded) 
 
 
